A new cycloartane-type triterpenoid saponin named riparsaponin (1) was isolated from the stem of Homonoia riparia Lour together with six known compounds. The structure of riparsaponin was determined by using NMR and mass spectroscopy and X-ray crystallography techniques. Additionally, riparsaponin has a significant inhibitory effect on xanthine oxidase in vitro, and the IC 50 was 11.16 nmol/mL.
Introduction
Homonoia riparia Lour, (family Euphorbiaceae), is widely distributed in the south part of China [1] . The roots of H. riparia are commonly used as an effective traditional Chinese herbal medicine for treating hepatitis and joint gall, stomach ache, and ambustion based on its antipyretic choleretic, anti-inflammatory, detoxification, and diuretic activities [1, 2] . However, phytochemical and pharmacological investigations of this plant are currently lacking. Previous chemical research reported that it contains triterpenes, steroids, and phenolics [3] [4] [5] . In our present investigation, a new cycloartane-type triterpenoid saponin (compound 1, named riparsaponin) was isolated from the stems of H. riparia together with six known compounds ( Figure 1 ). In addition, riparsaponin showed OPEN ACCESS significant inhibitory activity on xanthine oxidase. Here, we report the isolation, identification and activity of the new compound, which could be helpful for treating gouty arthritis. 
Results and Discussion

Identification of the Riparsaponin
The new compound riparsaponin (1) was identified by using NMR and mass spectroscopy, and X-ray crystallography techniques. C-NMR spectra of compound 1 were analogous to that reported for a cycloartane-type triterpene which was isolated from H. riparia previously. Furthermore, the structure of compound 1 was confirmed by HMBC, ROESY ( Figure 2 ) and X-ray diffraction (CCDC deposition number is 1021164) (Figure 3 , Table 2 ). Figure 3 . Perspective drawing of compound 1 generated from X-ray crystal data. 
Inhibitory Effect of Riparsaponin on Xanthine Oxidase Activity in Vitro
Gout is one of the common human metabolic diseases and caused by hyperuricemia, which can result in depositions of urate crystals in joints, leading to gouty arthritis [7] . Xanthine oxidase plays an important role during the formation of uric acid, and the accumulation of uric acid can result in hyperuricaemia, leading to gout [8] . Previous investigations revealed that inhibitors of xanthine oxidase could be potentially beneficial for treating gouty arthritis [9] . Herbal remedies have been used in China for more than millennium, and lots of investigations have reported that the herbal medicines and its derived compounds can safely and effectively in treatment of various diseases [10, 11] . In our present study, the inhibitory activities of the six known compounds on xanthine oxidase were weak, but riparsaponin could significantly inhibit xanthine oxidase activity in vitro at the doses during 9.68 to 161.29 nmol/mL compared with the DMSO group (p < 0.01), in a dose-dependent manner (Table 3) . In our present study, the IC 50 of riparsaponin was 11.16 nmol/mL, which is a better value compared to allopurinol used as positive control drug (IC 50 11.84 nmol/mL). The results above indicated that riparsaponin is a potential powerful xanthine oxidase inhibitor. 
Experimental Section
General Information
These following instruments were used: UV visible spectrophotometer (UV-1600) was made by Rayleigh Analytical Instrument Company (Beijing, China). Mass spectrometer (EI-MS) (VGAutoSpec-3000, Beckman, CA, USA). The NMR (AV-400, AV-500) and X-ray single crystal diffractometer (APEX II DUO) instruments were both made by Bruker (Bremen, Germany).
Plant Material
The stems of H. riparia were collected in Jinping County, Yunnan Province, China, in October 2010. The plant was identified by Jingxiu Li (Kunming Institute of Botany Chinese Academy of Science, Kunming, Yunnan, China). A voucher specimen was deposited in our laboratory.
Extraction and Isolation
Dried stems of H. riparia (58.8 kg) were powered and extracted three times with 60% ethanol (total 300 L) at reflux. Then the extracts were spray-dried to obtain a dry fine powder (4.8 kg). The powder was extracted three times by maceration with petroleum ether, CH 2 Cl 2 , EtOAc, and 95% ethanol, respectively (total 40 L, each extraction lasted 2 days).
After concentration, compound 2 was crystallized from the petroleum ether fraction, and the pure compound 2 (3.17 g) was obtained by recrystallization from EtOAc. Then, the petroleum ether fraction (73 g) was subjected to column chromatography (CC) over silica gel (200-300 mesh) eluting with petroleum ether-EtOAc (9:1, 8:1, 5:1, 3:1, 1:1, 1:3, 1:5, 1:9), and seven sub-fractions A-G were obtained on the basis of TLC analysis. Compound 4 was crystallized from fraction B, and the pure compound 4 (60 mg) was obtained by recrystallization from petroleum ether-CH 2 Cl 2 (9:1). Fraction C was subjected to CC over silica gel (200-300 mesh) eluting with petroleum ether-CH 2 Cl 2 (9:1, 8:1, 5:1, 3:1, 1:1, 1:3, 1:5, 1:9), and combination of similar fractions after TLC comparison afforded five fractions C 1 -C 5 . Compound 5 was crystallized from fraction C 2 , and the pure compound 5 (87 mg) was obtained by recrystallization from EtOAc.
The CH 2 Cl 2 fraction (100 g) was subjected to AB-8 macroporous resin (The Chemical Plant of Nankai University, Tianjing, China) CC eluting with gradient ethanol (0%, 30%, 70%, 90%), and four fractions A-D were obtained. After concentration, compound 3 was crystallized from fraction D, and the pure compound 3 (45 mg) was obtained by recrystallization in petroleum ether-EtOAC (9:1). Fraction C was subjected to CC over silica gel (200-300 mesh) eluting with petroleum ether-acetone (9:1, 8:1, 5:1, 3:1, 1:1, 1:3), and four sub-fractions C 1 , C 2 , C 3 , C 4 were obtained on the basis of TLC. Sub-fraction C 2 was subjected to CC over silica gel (200-300 mesh) eluting with petroleum ether-acetone (9:1, 8:1, 5:1, 3:1, 1:1, 1:3) again to afford four sub-fractions C 21 -C 24 , and compound 6 (white powder, 144 mg) was separated out from fraction C 22 .
The EtOAc fraction (72.3 g) was subjected to CC over silica gel (200-300 mesh) eluting with petroleum ether-acetone (15:1, 10:1, 7:1, 5:1, 3:1, 1:1, 1:2), to give six sub-fractions A-F on the basis of TLC analysis. After concentration, compound 7 (a white powder, 24 mg ) was separated out from fraction E. Fraction B was repeatedly subjected to CC over silica gel (200-300 mesh) eluting with petroleum ether-acetone (10:1, 7:1, 5:1, 3:1, 1:1, 1:2), and four sub-fractions B 1 -B 4 of B were thus obtained. Then sub-fraction B 2 was subjected to CC over silica gel again eluting with a gradient of petroleum ether-acetone, and five fractions B 21 -B 25 were obtained; then compound 1 was crystallized from B 22 , and the pure compound 1 (213 mg) was obtained by recrystallization from petroleum ether-EtOAC. 
2,4-Sorbic acid
Xanthine Oxidase Inhibitory Assay
The inhibitory effect of compound 1 against xanthine oxidase activity was carried out according to the previous investigations [15] . The experiment was performed by using 96 holes plate, and the allopurinol and DMSO were used as the positive and negative control. Firstly, xanthine (50 μmol/L) was added into each reaction system, and then the tested samples were added. After that, the xanthine oxidase (0.1 U/mL), quinoline solution (5 μmol/L), (NH 4 ) 2 Fe (SO 4 ) solution (1 μmol/L), H 2 SO 4 solution (50 μmol/L) were added subsequently. The reaction system incubated at room temperature for 18 min, then added NaOH solution (1 mol/L) into total reaction system to 150 μL. Finally, adding 150 μL ethanol to terminate the reaction, and the reaction production was determined by measuring the absorbance at 380 nm by using fluorescent chemiluminescence detector on a microplate spectrophotometer. The inhibitory percentage against xanthine oxidase (%) was calculated using the following equation:
inhibition (%) = [1 − (A sample/A control) × 100
In addition, the IC 50 values were calculated
Conclusions
In the present study, a new cycloartane-type triterpenoid saponin named riparsaponin was isolated from the stem of H. riparia, and it has a significant inhibitory effect on xanthine oxidase.
